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SUMMARY 

Limi ted  t e s t s  on t y p i c a l  p r e s s u r e - t d b i n g  sys tems u s e d  - 
i n  f l i g h t  r e s e a r c h  i n v e s t i g a t i o n e ' h a l t e  been  made t o  de t e r -  
mine t h e  e f f e c t s  o f  lag due t o  s i n g l e - d i r e o t i o n  and O s C i l -  
l a t i n g  p r e s s u r e  changes. These t e s t s . w e r e  condhcted  on 
s p e c i f i c  i n s t a l l a t i o n s  made f o r  r e s e a t h h  purpoaers and  are 
t h e r e f o r e  l i m i t e d  in sbope;  t h e  t e s t s  were conducted  t o  
p r o v i d e  a q u a n t i t a t i v e  bas i s  f o r  e s t i m a t i n g  t h e  magni tudes  
o f  the e r r o r s  due t o  l a g  which a r e  i n v o l v e 4  i n  r e c o r d i n g  

t e s t e d  i n c l u d e d  t h e  r e s e a r c h  i n a t a l l a t i o n s  of t h e  r e c o r d i n g  
airspeed sys t ems  of t w o  p u r s u i t - t y p e  a i r c r a f t  and  t h e  o r i f i c e -  
p r e s s u r e  l i n e s  which were used  i n  t h e  p r e s s u r e - d i s t r i b u t i o n  
measurements  ove r  t h e  wing and t a i l  o f  one o f  t h e s e  a i r c r a f t .  

.. 

T p r e s a u r e s  i n  f l i g h t .  The p r e s s u r e - t u b i n g  i n s t a l l a t i o n s  

The i n v e e t i g a t i o n  i n d i c a t e d  t h a t  t h e  magni tude  of t h e  
e r r o r  due t o  l a g  was n e g l i g i b l e  unde r  f l i g h t - t e s t  c o n d i t i o n s  
f o r  a t 1 1  i n e t a l l a t i o n s  t e s , t ed  i n  whic&' t h e  c r o s s - s e c t i o n - a x  
a r e a  *of ithe p r g s s u r e  l i n e s  waa' a p p r o x i m a t e l y  t h e  eame as the 
c r o s e - s e c t i o n a l  a r e a  of t h e  p r , e s sy re  ' o r i f i c e s  when t h e  p r e s -  
sure uhanges were i n  a s i n g l e * d , i r ' e c t i o n .  
p r e s s u r e s  o f  5 t o  28 c y c l e s  p e r  ,second,  i n s t a l l a t i o n s  w i t h  * 

v a r i e d  s i z e s  of t u b i n g  were fo.und t o  have p h a s e  l a g s  O f  0.20 
t o  0,80 o y c l e s  and  peak-pr(essure '  a m p l i t u d e  e r ro r s  o f  20 t o  
96 p e r c e n t ,  Over t h e  f requenqy Arange  i n v e s t i g a t e d  r e s o n a n c e  
e f f e c t s  i n  t h e  r e l a t i v e l y  u n r g q t r i c t e d  l i n e s  t e s t e d  were 
found  t o  r e s u l t  'in r e c o r d e d  p e a k - p r e s s u r e  ' ampl ibudes ,  ex- 
c e e d i n g  the c o r r e s p o n d i n g  a p p l i e d  p r e s s u r e s  by as much a8 6 0  
p e r c e n t ;  The average  p r e s s u r e q . r e c o r @ q d  were t h e  same a8 
t h e  a v e r a g e  pressures a p p l i e a ,  i r r e a p e c t i v e  a f  t h e  f r e q u e n c y  
o r  rpagni tude o f  the a p p l i e d  pressures o r  t h e  lag e f f e c t s  i n  

Under o s c i l l a t i n g  

a 

c t h e  a p e o i  f i c pr  e e e u r e - t u b i n g  i n s  t a l l a  t i On. 
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INTRODUCTION 

The t e s t s  d e s c r i b e d  i n  t h i s  r e p o r t  were u n d e r t a k e n  t o  
o b t a i n  a q u a n t i t a t i v a  measure o f  t h e  p r e s s u r e  l a g  i n  t y p i c a l  
p r e s s u r e - t u b i n g  s y s t e m s  used  by t h e  Ames A e r o n a u t i c a l  Labora- 
t o r y  i n  f l i g h t  r e s e a r c h  i p v e s t i g a t i o n s .  I t  was n o t  p r a c t i c a l  
t o  a p p i y  previous  =&search w o r k  as r s p ~ r t 4 d  i n  r e f e r e n c e 6  1 
t h r o u g h  3 t o  t h i s  i n v e s t i g a t i o n  b e c a u s e  o f  t h e  complex ne- 
t u r e  o f  p r e s s u r e - t u b i n g  sys tems f o r  which l a g  i n f o r m a t i o n  
:Tias d e s i r e d .  

Lag measurements were made w i t h  b o t h  s i n g l e - d i r e c t i o n  
::!:a O s c i l l a t i n g  p r e s s u r e  ' changes ,  S i n g l e - d i r e c t i o n  p r e s e u r e  
changes  were i n v e s t i g a t e d  t o  d e t e r m i n e  i f  t h e  l a g  i n  o r i f i c e -  
p r e s s u r e  l i n e s  and i n  t h e  r e s e a r c h  a i r s p e e d  and a l t i t u d e  
measu r ing  s y s t e n s  of  e p u r s u i t - t y p e  i i r p l a n e  u n d e r g o i n g  
f l i g h t  t e s t s  was s u f f i c i e n t  t o  c a u s e  aq a p p r e c i a b l e  e r r o r  i n  
t h e  r e c o r d  of  a sudden  p r i s s u r e  c ~ a n g e .  . O s c i l l a t i n g  p r e s -  
s u r e  changes  were i n v e q t i g a t e d  w i t h  p a r t i c u l a r  r q f e r e n c e  t o  
the  a c c u r a c y  of  p r e s s u r e  peaks  .ip p r e s s u r e - d i s t r i b u t i o n  
measi$rements d u r i n g  t h e  t ime o f  b u f f e t i n g  c o n d i t i o n e  a8 
found i n  s t a l l s .  

s. 

Y 

APPAISATUS AND PROCgDUBE 

F i g u r e s  1 and 2 a r e  s c h e m a t i c  d iagrams of t h e  a p p a r a t u s  
u s e d  t o  ' s t u d y  l a g  due t o  s ing le -d i r ec t . i , on  and o s c i l l a t i n g  
p r e s s u r e  changes ,  r e s p e c t i v e l y .  The, a p p a r a t u s  consi .s ted 
s e a e n t i a l l y  o f  a p r e s s u r e - c h a n g i n g  d e v i c e  connect€$ $ 0  two 
a i r s p e e d - t y p e  p r e s s u r e  c e l l s  mounted is a s t anda rd  8 A C A  
c o n t i n u o u s - f i l m  r e c o r d - i n g  in s t ru inen t  s i m i l a r  t o  t h o a e  Used. 
i n  ' f l i g h t -  t e s t s .  The p r e s s u r e  l i n e s  t o  be t e s t e d  were Con- 
n e c t e d  to. t h e  p r e s s u r e  d e v i c e  t.hrough b o t h  t h e  s t a t i c - p r e s -  
s u r e  and t o t a l - p r e s e u s ' e  t u b e s  of a n  NACA-type s e l f - a l i n i n g  
a i r s p e e d  h e a d ,  o r  a s$,andara 1/8-inch-inside-diameter p r e s -  
s u r e  o r i f i c e ,  dependink '  qppn t h e  n a t u r e  o f  t b e  p r e s s u r e  

I -  

l i n e s  t e s t e d .  , r r ,  , 6 

The p r o c e d u r e  f o l l o w e d  f o r  s i n g l e - d i r e c t i o n  p r e s s u r e  
c h m g e s  was t o  b r i n g  t h e  p r e s s u r e  i n  t h e  chamber t o  a de- 
sired v a l u e  and t h e n  r e l e a s e  i t  t h r o u g h  t h e  e x h a u s t  l i n e ,  
t h e  r e s t r i c t i o n  i n  t h e  l i n e  r e g u l a t i n g  t h e  r a t e  of change  of w 

t h e  p r e s s u r e  i n  t h e  chamber. For  o s c i l l a t i n g  p r e s s u r e  changes  
the speed  o f  t h e  m o t o r  vas v a r i e d  t o  change t h e  f r e q u e n c y ,  

L 
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:)n3 t h e  l e n g t h  o f  t h e  s t r o k e  of  t h e  p i s t o n  was v a r i e d  t o  
c:;afige t h e  nominal  p e a k  p r e s s u r e s .  

The p r e s s u r e . r e c o r d e d  by c d 1 1  A was u s e d  as t h e  r e f e r -  
ence  p r e s s u r e  d u r i n g  t h e  - i n v e s t i g a t i o n ,  S i n c e  t h i s  e e l 1  was 
c o n n e c t e d  t o  t h e  p r e s s u r e . C h a m b e r  by a v e r y  s h o r t ,  s t r a i g h t ,  
a n d  u n r e s t r i c t e d  l e n g t h  of t u b i n g ,  i t  was assumed t h a t  i t  b e  

3ach  l i n e  t e s t e d ' w a s  a d u p l i c a t e  of  a s p e c i f i o  r e s e a r c h  

recQrded  w i t h a u t  l a g .  I .  ~ 

a .  

L n s t a l l a t i o n d  The p h y s i c a l  o h a r a c t e r i s t i c s  o f  t h e s e  l i n e s  
a r e  d e s q r i b e d  i n  t h e  append ix  t o  t h i s  r e p o r t ,  For  t h e  p u r -  
p o s e  of  this r e p o r t ,  t h e  a i r p l a n e  f o r  which t y p i c a l  wing and 
t o i l  p r e s s u r e = . d i s t r i b u t i o n  o r i f i c e - p r e s s u r e  l i n e s  and t h e  
r e c o r d i n g r a i r s p e e d - p r e s s ~ r e  l i n e s  were i n v e s t i g a t e d  h a s  been  
d e s i g n a t e d  e i r p l a n e  1. The a i r p l a n e  f o r  which t h e  r e c o r d i n g -  
a i r s p e e d - p r e s s u r e  l i n e s  only  were i n v e s t i g a t e d  h a s  been  d e s -  
i g n a t e d  a i r p l a n e  2. ' 

I t  was p o s s i b l e  t;o measure p r e s s u r e  o s ' c i l l s t i o n s  t o  
k 0 . 1  c p c l e  p e r  s econd  and p e a k - p r e s s u r e  anp'l ' i tude e r . ro r8  
w i t h i n  10.1 i n c h  o f  mercury.  I t  was . 'considered t h a t  t h e  ex- 
p e r i m e q t a l  a c c u r a c y  o f  t h e  d a t a  vas w i t h i n  f l .  0 p e r c e n t .  

' .  i 
, 

- .  

D I S G U S S S  ON 
. .  . 

Lag i n  T y p i c a l  P r e s s u r e  L i n e s  Due t o  A p p l i e d  
. .  .. 

' S i n g l e - D i r e c t i o n  P r e s s u r e  Chang'es.' . . .  
.' . ,. ! ;. * .  'i . . . .  . I 1  .. . . . .  

I . .  . .  I * .I ., ,; . I  ;, '  ; . . ,  . .  

Lag f o r  s ing le-A.brocf . ion  p.rbsisure' c h a n g e s  w a s '  measured .  
a t ,  t h e  p o i n t  where t h e .  preseu2.e  had dropp:ed' t o  90 perc 'bnt  Of  
i t s  i n i t i a l .  a p p l i e d  Value  .in:r.wr-Caer t o  e l i m i h a t e  :pose.i 'ble- e r -  
r o r  due t o  d i f f i c u l t i e s  i n  d e t e r m i n i n g  t h e  p o i n t  where-100-  
p e r c e n t  p r e s s u r e  d r o p  w a s  o b t a i n e d .  I n  t h e  s t a t i c - p r e s s u r e ,  
t o t a l - p r e s s u r e ,  a n d  wing o r i f i c e - p r e s s u z e  jline.s o f  a i r p l a n e  
1, w i t h i n  t h e '  Iitnii of  accu racy '  ' o f  the:  e x p e r i m e n t a l  e q u i p -  
ment , t h e  s i n g l e - d i r e c t i o n  pres,s.pr,e, 1a.g: w;a,s,. .found t o  be  z e r o .  

o f  , c h a n g e  b f .  t h e  p r e s s u r e  . b e i n g  rndksured. ' F igu . r e  4 shows 
t h e  d i f f e r d n c e  :betiireen t h e  maximum p r e s s u r e  g r a d i e n t  r e c o r d e d  
i n s t a n t k ~ g b u s l y  a?ld t I i 6  g r a d i e n t  th r ; iu& t h e  l i n e  Geing  
t e s t e 3  us " a " f u n c t i o r l '  o f  ' t h e  t ime r & i e  o f  change .of the pres- .  
sitre S e i n g  me'dsurect. F i g u r e  5 i s  a s e r i e s ' o f  t,ime h i s t o r i e s  

. .. , 

. : .  . 
I .  . 2 '  .. 

F i g u r e  3 shows t i m e  l a g  as  a f u n c t , j o n , o f  t h e  , t i m e  r a t e  

' I  . .  . .  6 .. 
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o f  t h e  most s e v e r e  p r e s s u r e  d r o p  i n  each  of  t h e  p r e s s u r e  
l i n e s .  Lag i n  t h r e e  d i f f e r e n t  d i a m e t e r  p r e s s u r e  l i n e s  i s  
shown in f i g u r e  6, F o r  t h e  p r e s s u r e  l i n e s  t e s t e d ,  i t  was 
found t h a t ,  t h e  s i n g l e - d i r e c t i o n ' . p r d s s u P b  l a g  d e c r e a s e d  as 
t h e  i n a i a e  d i a m e t e r  o f  t h e  p re s su rc )  l i n e a  w a s  d e c r e a s e d  t o  
approach  $Be d i a m e t e r  of t h e  p r e s s u r e  o r i ' f i c e .  . <  

I 

Calculaticns shm:r t h e  f l a w  3,: t h e  L i n e a  t o  have been 
t l i r b u l e n t  f o r  t h i s  s e r i e s  of  t e s t s ,  The a n a l y s i s  of r e f e r -  
ence  1 i s  based  on l a m i n a r  f l ow w i t h i n  t h e  t u b e s ;  t h e r e f o r e ,  
t h e  r ' e g u l t s  o f  t h i s  i n v e s t i g a t i o n  canno t  be d i r e c t l y  c o r r e -  
l a t e d + w i t h  t h e  + e s u l t s  o f  r e f e r e n g e  1. F u r t h e r m o r e ,  t h e  
p r e s e n t  t e s t s  were made wi th  g r e a t e s t  emphasis on t h e  O r i -  
f i c e - p r e s s u r e  l i n e s ;  l i m i t a t i o n s  i n  t h e  t e s t  equipment  1'0- 
s u l t e d  i n  t h e  d i r e c t i o n  of a i r  f low i n  i h e  a i r s p e e a - p r e s s u r e  
l i n e s  b e i n g  o p p o s i t e  t o  t h e  f l o w  n o r m a l l y  ' e n c o u n t e r e d  i n  
d i v i n g  f l ' i g h t .  However, i t  i s  b e l i e v e d  t h a t  t h e  v a l u e s  of 
l a g  o b t a i n e d  i n  t h i s  i n v e s t i g a t i o n  a r e  i n d i c a t i v e  of t h e  l a g  
i n  t h e  s p e c i f i c  i n s t a l l a t i o n s ,  The a i r s p e e $ - p r e s s u r e  l i n e 6  
o f  a i r p l a n e  1 were symmet r i ca l  and were t h e t e f o r e  b e l i e v e d  
t o  3 s  l i t t l e  i n f l u e n c e d  by d i r ' e c t i o n  o f  flow. The a i r s p e e d -  
p r e s s u r e  l i n e s  of  a i r p l a n e  2 werk s o  complex t h a t  t h e  change  
i n  l a g  due  t o  f l ow d i r e c t i o r ,  was b e l i e v e d  n e g l i g i b l e ,  The 
a i r s p e e d - h e a d  s t a t i c  o r i f i c e s  d i d  n o t  c o n s t i t u t e  an  e f f e c t i v e  
end r e s t r i c t i o n ,  as t h e i r  g r o e s  a r e a  (0.0453 sq i n . )  wae 
a b o u t  t h r e e  t i m e s  t h e  c r o s s - s e c t i o n a l  a rea  o f  t h e  9 /64 - inch -  
i n s i d e - d i a m e t e r  aluminum t u b i n g  u s e d ,  

Although e x t r a p o l a t i o n  of t h e  p r e s e n t  d a t a  i n d i c a t e s  
t h a t  t h e  magni tude  of the p r e s s u r e  e r r o r  due t o  l a g  i n  a 
Wel l -des igned  r e s e a r c h  a i r s p e e d - m e a s u r i n g  sys t em would a l s o  
be v e r y  small i n  t h e  l o w e r  r a t e - o f - c h a n g e - o f - p r e s s u r e  r e g i o n ,  
e s t a b l i s h m e n t  o f  e x a c t  q u a n t i t , a t i v e  v a l u e s  o f  t h e  e r r o r  would 
r e q u i r e ,  f u r t h e r  t e s t s  under  r a t e s  of p r e s s u r e  change equal i n  
magni tude  and d i r e c t i o n  t o  t h o s e  n o r m a l l y  e n c o u n t e r e d  i n  
d i v e s  , 

1 .  

Lag i n  T y p i c a l  P r e s s u r e  Linea  Due t o  

App l i ed  O s c i l l a t i n g  P r e s s u r e  Changes 

'Lag  due  t o  o s c i l l a t i n g  p r e s s u r e s  has been i n v e s t i g a t e d  
w i t h  r e s p e c t  t o  e r r o r s  i n  a v e r a g e  p r e s s u r e s  and .nomiha1 p e a k  
p r e s s u r e s .  I n  t h e  p r e s s u r e  lines t e s t e d  i t  was found t h a t  
t h e  a v e r a g e  p r e a a u r e s  r eco rded  were t h e  same as t h e  a v e r a g e  
p r e s s u r e s  a p p l i e d ,  i r r e s p e c t i v e  o f  t h e  f r e q u e n c y  or magni- 
t u d e  o f  t h e  a p p l i e d  p r e s s u r e s  o r  t h e  l a g  e f f e c t s  i n  t h e  BPe- 
c i f i c  p r e s s u r e - t u b i n g  i n s t a l l a t i o n s .  
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The v a r i a t i o n s  o f  phase  l a g  w i t h  f r e q u e n c y  a r e  shown i n  
f i g u r e s  7 t o  14. I t  was found t h a t  f o r  t h e  p r e s s u r e  l i n e s  
i n v e s t i g a t e d  t h e  minimum phase l a g  was i n  t h e  r e l a t i v e l y  un- 
r e s t r i c t e d  l i n e s  o f  u n i f o r m  c r o s s  s e c t i o n ,  

Tiit? v a r i a t i o n s  o f  p e a k - p r e s s u r e  a m p l i t u d e  e r ro r s  w i t h  
f r e q u e n c y  a r e  shown i n  f i g u r e s  15 t o  22, The e r r o r  i n  am- 
g lSt .ude  ehown in-rfigures 15 t o  22 as A b  i s  d e f i n e d  by t h e  
f o l l o w i n g  r e l a t i o n s h i p :  . .  

f -  . e -  

O a c s l l  A " A a c e l l ( x - 3 )  x . A a  = 
. I  

I * (  

. .  b a c e l l  A I 

, . e. 

T t e  p e a k - p r e s s u r e  a m p l i t u d e  e r r o r s  i n  t h e  t o t a l -  and s t a t i c -  
p r e s s u r e  l i n e s  o f  a i r p l a n e  1 ( f i g s , 1 5  and  1 6 ,  r e s p e c t i v e l y )  
show a n e g a t i v e  change  wi th  f r e q u e n c y ;  i n d i c a t i n g  t h a t  t h e  
peak p r e s s u r e s  r e c o r d e d  by t h e  t e s t  c e l l  x-3 were g r e a t e r  
t h a n  t h e  i m p r e s s e d  p r e s s u r e s  as measured by c e l l  A.  The ap- 
p e n d i x  shows t h e s e  l i n e s  t o  be s h o r t ,  r e l a t i v e l y  u n r e s t r i c t e d ,  
aud o f  u n i f o r m  c r o s s  s e c t i o n .  The re  was l i t t l e  damping ac -  
t i o n  i n h k r e n t  w i t h  t h e s e  p r e s s u r e  l i n e s ;  r a t h e r  a r e s o n a n t  
e f f e c t  v a s  h i d e n t  which 'hended t o  i i lcrease t h e  v a l u e s  o f  
t h e  r e c o r d e d  p e a k  p r e s s u r e s .  

The p e a k - p r e s s u r e  a m p l i t u d e  e r r o r s  i n  t h e  e l e v a t o r  and  
a i l e r o n  o r i f i c e - p r e s s u r e  l i n e s  o f  a i r p l a n e  1 a r e  shown i n  
f i g u r e s  1 7  and  1 8 ,  r e s p e c t i v e l y d  'The :appendix shows t h e s e  
l i n e s  t o  be  of complex cdn'struct.i-on. These l i n e s  have l a r g e  
v a l u e s  o f  l a g  and l a r g e  r e d u c t i c k a  i n  r e c o r d e d  p e a k - p r e s s u r e  
a m p l i t u d e s ,  when s u b j e c t  t o  o s c i l l a t i n g  p r e s s u r e s ,  due  t o  
t h e  volume changes  and  t h e  damping a c t i o n  i n  t h e  l i n e s o  

v " 

The r e s o n a n t  e f f e c t  i s  a l s o  found i n  t h e  wing a n d  s t a -  
b i l i z e r  o r i f i c e - p r e s s u r e  l i n e s  o f  a i r p l a n e  1 ( f i g s .  1 9  and 
20, r e s p e c t i v e l y ) .  The r e d u c t i o n  o f  t h e  e f f e c t  w i t h  i n -  
c r e a s e d  f r e q u e n c y  was due t o  t h e  n a t u r a l  damping i n  t h e  
l i k e s  . . \ - -  . -  

a F i g u r e s  21 'and 22 show t h e  ' peak -p res su re  a m p l i t u d e  e r -  
r o r s  i n  t h e  t o t a l -  and s t a t i c - p r e s s u r e  l i n e s  o f  ' t he  r e c o r d i n g -  
a i r s p e e d  sys t em o f  a i r p l a n e  2. The l a r g e  v a l u e s  of '  l a i  a r e  
due  t o  t h e  damping i n  t h e  system r e s u l t i n g  f r o m  t h e  a b r u p t  
volume changes  be-tween t h e  varierd. s i z e s  o f  t u b e s  u s e d  i n  t h e  
1 i n e s .  

c 

I 
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CONCLUSIOXS . .  

. 
The f o l l o w i n g  c o n c l u s i o n s  were mads f r o m  t h e  da ta  i n -  

c luded  h e r e i n  and a p p l y  s p e c i f i c a l l y  t o  t h e  p r e s s u r e - t u b i n g  
i n b k a l l a t i o n s  and t h e  range  of v a r i a b l e s  t e s t e d :  . .  

1. When tihe tubing dinmeter wan g r e a t e r  t h a n  t h e  o r i -  
f i c e  d i a m e t e r ,  t h e  s i n g l e - d i r e c t i o n  p r e s s u r e  lag d e c m a s e d  
as t h e  c r o s s - s e c t i o n a l  a r e a  o f  t h e  p r e s s u r e  l i n e  approached  
t h e  c r o s s - s e c t i o n a l  a r e a  of t h e  p r e s s u r e  o r i f i c e .  

2. Var ied  s i z e s  o f  t u b i n g  and numerous j o i n t s  i n  t h e  
saEe p r e s s u r e  l i n e  lead t o  l a r g e  v a l u e s  o f  p r e s e u r e  l a g  i n  
i n s t r u m e n t  l i n e s  s u b j e c t e d  t o  o s c i l l a t i n g  p r e s s u r e s r  

3, R e l a t i v e l y  u n r e s t r i c t e d  p r e s s u r e  l i n e s  o f  u n i f o r m ,  
c r o s s  s e c t i o n ,  of  l a r g e - d i a m e t e r  t u b i n g  y i e l d e d  e r r o n e o u s  
p e a k - p r e s s u r e  d a t a  when s u b J e c t e d  t o  o s c i l l a t i n g  p r e s s u r e s ,  
becai.rse r e s o n a n c e  caused  t h e  peak  p r e s s u r e s  t o  b u i l d  u p  as  
muchk&s9, 60 p e r c e n t  g r e a t e r  t h a n  t h e  a p p l i e d  peak  p r e s s u r e s .  

. i  

_ ,  4, The a y e r a k e  p r e s s u r e s  r e c o r d e d  were t h e  same a8 t h e  
a v e r a g e  p r g s s u r e s  a p p l i e d ,  i r r e s p e c t i v e  o f  t h e  f r equency  Qr 
magnitude o f  t h e  impressed  p r e s p r e s  on t h e  l a g  e f f e c t s  of  
t h e  s p e c i f i c  p r e s s u r e - t u b i n g  i n s t a l l a t i o n s ,  

* ~ 

Arne s A e r o n a u t i c a l  Labor a t  or$, 
q a t i o n a l  Advisory  Comm3ttee f o r  A e r o n a u t i c s ,  

N o f f e t t  F i e l d ,  C a l i f , ,  

f . 1 ,  . .  
APPENDIX 

D e s c p i p t i o n  o f  P r e s s u r e  L i n e s  
I '  

1 

The d e s c r i p t i o n s  of t h e  p r e s s u r e  l i n e s  u s e d  i n  this i n -  
v e s t i t ; a t i o n  a r e  q u a n t i t a t i v e  a n d  a r e  not n e c e s s a r i l y  r e p r e -  
s s n t a t i v e I o f  t h e  oqdasr i n  which t h e  d i f f e r e n t  sizes o f  t ub -  
$ng were used  i n  t h e  l i n e s ,  A t  the t ime o f  t h e  i n v e s t i g a t i o n  
i t  w a s  n o t  b e l i e v e d  n a q e s s a r y  . t o  make a r e c o r d  of t h e  e x a c t  
c a m p o s i t i o n  o f  t h e  p r e s s u r e  l i n e a  because  of  t h e  l i r c i t e d  u s e  
fqr which t h e  d a t a  were o r i g i n a l l y  in t ended .  S i n c e  t h a t  t i m e ,  
t h e  pressure l i n e s  have  been s a l v a g e d  f o r  u s a b l e  p a r t s , ,  an8  
n o  r e c o r d  e x i s t s  o f  t h e i r  e x a c t  c o m p o s i t i o n  o t h e r  t h a n  t h e  
f o l l o w i n g  q u a n t i t a t i v e  d e s c r i p t i o n s :  



L 

I. Airplane 1, total-pressure line 

' :  .- i n g  
! 5.2 fee%:, . ' 9 /64- inch- ' ins id 'e -d lameter  aluminum tub- 

. -1'.2 feet, 3 / ~ , 6 . - ~ i n c h - d ~ s . i d e - d i a m e t e r  rubb6r tubing I .  

5,2 feet, 9/64-inch-inside-diameter aluminum tub- 
i n g  
-1,Z f'eet, . .  3/16-inchkinside-diameter rubber tubing 

. .  . ._ ! . .  . ._. . .. , . 

2. Airplane 1, static-pressure line 
. ,  

1 I . .  

'3, Airplane 1 , e1evtitd.i.' 'brifice-pie~ssure line 
8 feet, 9/64-inch-inside-diameter aluminum tubing 
2.4 feet, 3/16-inch-inside-diameter rubber tubing 
5.3 feet, 7/64-inah-inside-diameter rubber tubing 
6 joints 

' 4. Airplane 1 , aileron oriftce-pressure line a 

. , .  13 feet, 9/64-inchii~side-diameter aluminum tubicg 
,, 10.5 feet, 7 / 6 4 - i n c h - i n s i d e - d i a m e t e r  rubber tubi,ng 

2 feet, 3/16rinch-i .ns , ide- 'd4aneter ru'bber tubing- ' 
e 6 joints' 

1 . ,  
. .  

5, . . .  Airplane 1, stabilizer orifice-pressure line 
15 feet 9 1 6 4 - i h c h - i n a i d e - d i s m e t e r  alum-inuk' tubi'ng 
3.4 f e e t , 3 / 1 6 - i n c h - in s i h  ehd  i am e t er rub%'e.r.: tub i n g 
8 joints . .  , .  

6. Airplane 1, wing orifice-pressure line 
9 feet, 9 /64- inch - ins ide -d ia rne t  er aluminum tubing 
3.3 feet, 3/16-inchdinside-diameter rubber tubing 
6 joints 

7 .  Airplane 2,  total-pressure line 
23 feet, 7/64-inch-inside-diameter aluminum and 
brass tubing 
1 foot, 7/64-inch-inside-diameter rubber tubing 
8 feet, 9/64-inch-inside-diameter aluminum tubiag 
1 foot, 3/16-inch-inside-diameter rubber tubing 
6 joints, 4 rubber and 2 standard 9/64-inch goo 
elbows 

8. Airplane 2, statis-pressure l i n e  
9 . 7  feet, ?/64-inck-inside-diameter brass tubing 
7.2 feet, 9/64-in~h-inside-diameter aluminum tub- 
ing 
2 joints, 1 stac6ard 9/64-inch 90° elbow 
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The a i r s p e e d  head used i n  t h e s e  t e s t s  was an NACA-type 
s e l f - a l i n i n g  head w i t h  t w o  s t a t i c - p r e s s u r e  t u b e s  and one 
t o t a l - p r e s s u r e  t u b e ,  The o r i f i c e s  on t h e  s t a t i c - p r e s s u r e  
t u b e  were 36 fn number and 0.040 i n c h  i n  * d i a m e t e r .  The o r -  
ifice i n s i d e  d i a m e t e r  of  t h e  t o t a l - p r e s s u r e  t u b e  w a s  3 / 1 6  
i n c h .  

For  a i i  i i n e s ,  t h e  t e r m i n a i  orifice or airspeed L - - A  UUaU a 

c o r r e s p o n d i n g  e x a c t l y  t o  t h e  - t y p e  u s e d  i n  f l i e h t ,  was i n -  
s e r t e d  into t h e  p r e s s u r e  chamber, The volume o f  each  r e c o r d -  
i n g  p r e s s u r e  ..cell (%-3 -and &) was approx4mate ly  1 cup ic  inch .  

. ,  . .  
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Figure 1.’ Sohematic diagram of equimnent ueed to etudy effects of single-cycle pressure 
changer on the indications of aircraft pressure-recording installations. 
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Figure 2.- Schematic diagram of equimuent ueed to study effects of pressure oscillations on 
the indication8 of aircraft preasure-recording installations. 
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Figure 3.- The t i w e  lag in t y p i c a l  pressure recorder lines. 
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Figure 4.- The lag i n  preerure i n  t y p i c a l  pressure recorder l inea,  airplane 1. 
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Figure 6 . -  Variation of preesure lag with tubing diameter for single-direction pressure changes 
through an .040 inch o r i f i c e .  
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Pigure 7.- Variation of phase lag with frequenoy at four preesures) total-head line 
airsveed system, airplane 1. 
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Figure 8.- Variation of phase lag with frequency at f o u r  pressures; static-head line 
airspeed system, airplane 1. 
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Figure 9 . -  Variation of  phase lag with frequency a t  four pressurani elevator Orifice 
l ine,  airplane 1. 
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Figure IO. - Variation of phase lag with frequency at  four pressureej aileron Oriftoe 
l ine,  airplane 1. 
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Figure 11.- Variation of phaee lag with frequency at  four  pressures; stabi l izer o r i f i c e  line, 
ai.rplane 1. 
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Figure 12.- Variation of abase lag with frequency at  fou r  przssures; ring o r i f i c e  line, 
a i r o b n e  1. 
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Figure 13.- Phase lag variation w i t h  frequency at four different preeeurer; total-head line 
airspeed ciysten, airplane 8. 
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Figure 14.- Variation of  ohme lng w i t h  freouency at four  pressures; static-head l i n e  
airmeed system, aimlane 2. 
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Figure 16.- Variation of amplitude error with frequency at four pressuree; static-head line 
airspeed system, airplane 1. 
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Figure 17.- Variation of amplitude error with frequency at  four preesuresi elevator 
or i f ice  l ine ,  airplane 1. 
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Figure 18.- Variation of amplitude erxor with frequency a t  four preasureei aileron 
or i f ice  l ine ,  airplane 1. 



Figure 13.-Veriation o f  mpl i tude  error with frequency at  four pressures; Wing 
o r i f i c e  l ine ,  e irphne 1. 
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UJ, cos 

Figure 20.- V a r i a t i o n  of amplitude e r r o r  w i t h  frequency e t  four preesuresj stabilizer 
o r i f i c e  l i n e ,  R i r R l R n e  1. 
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Figure 21.- VRriation of amwlitude error with frequency at f o u r  pressures; total- 
head l i n e  eirspeed system, airplane 2. 
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Figure 22.- Variation of amplitude error with frequency a t  four preesures; static- 
heRd line airspeed system, airplane 2. 


